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AUTOMATIC SAMPLER AND NEEDLE FOR THE SAME 

BACKGROUND OF THE INVENTION 
FIELD OF THE INVENTION 

The present invention relates to an automatic sampler and 
5 a needle of the automatic sampler for an analyzer which performs 
liquid analysis, such as a liquid chromatograph. More 
particularly, the needle is subject to a surface treatment or 
coating which reduces contamination of the needle caused by 
chemical adsorption. 
10 DESCRIPTION OF THE RELATED ART 

Fig. 4 shows an example of a main portion of a flow path 
arrangement of an automatic sampler for a liquid chromatograph. 

In the automatic sampler shown in Fig. 4, a plunger 3 is 
designed to perform a reciprocating motion by mechanical force . 
15 A liquid sample to be analyzed is stored in a large number of 
vials (small-volume sample bottles) 8 in advance. The vials 
8 are arranged on a rack 81. A needle 7 collects samples from 
the vials 8, The needle 7 is connected to an injector valve 

1 through a looped flexible pipe {hereinafter referred to as 
20 "loop") 6. In addition, the needle 7 is retained by a not-shown 

drive mechanism so that the needle 7 can move freely among the 
vials 8, a rinse port 9, and an injection port 5 in accordance 
with input from, for example, programmed instructions. A valve 

2 is a six-position rotary valve with six ports "a" to "f" for 
25 switching a flow path of liquid sucked and discharged by the 
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plunger 3. The reference niomeral 4 represents a rinse bottle. 

The injector valve 1 is connected to a liquid chromatograph 
apparatus 10 through pipes so as to introduce a liquid sample 
into a f lowpath of mobile phase liquid in the liquid chromatograph 
5 apparatus 10, 

An example of an operational sequence of the sample suction 
and sample injection processes using an auto-injector as shown 
in Figure 4 is as follows. 
Q (1) At sample suction, the valve 2 is switched to communicate 

10 port b with port 0, and the injector valve 1 is switched to 
f": communicateport dwithport e andportbwithport c, respectively. 

If.:' 

At the sample suction position, the needle 7 is dipped into a 
S vial 8, andtheplunger 3 is driven to suck a predetermined quantity 

5*""' 
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jji of liquid sample from the vial 8 into the loop 6 through the 

ij 15 needle 7. The sucked liquid sample is collected in the loop 
6 so as not to reach the valve 2 or the plunger 3 . 

(2) Next, the needle 7 is pulled out from the vial 8 and moved 
to the injection port 5 as shown in Fig. 4. 

(3) The injector valve 1 is then switched to communicate port 
20 a with port b and port e with port f_ respectively, as shown in 

Fig. 4, thereby introducing the sample in the loop 6 into the 
flow path of the mobile phase liquid. Thus, analysis of the 
liquid chromatograph is started. 

(4) After the needle 7 is moved to a vial 8 containing a sample 
25 to be analyzed next, operations (1) through (3) are repeated. 
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In the automatic sampler as described above, a step of 
rinsing the needle 7 is necessarily included after any sample 
is sampled. The rinsing step is very important to avoid mixing 
a preceding sample into another sample to be analyzed (cross 
contamination) , 

In the related art, mainly measures against physical 
contamination have been taken to prevent cross contamination 
produced through the intermediation of the needle 7. For example, 
the needle 7 was rinsed, or the surface of the needle 7 was polished 
and smoothed to help prevent dirt from adhering thereto . However, 
contamination of the needle 7 is not limited to only physical 
contamination . 

More specifically, stainless steel is commonly used as 
a material for making the needle 7. Stainless steel is an alloy 
with an iron base. Therefore, iron is exposed on the surface 
of stainless steel microscopically, and accordingly, some amount 
of sample component is adsorbed on the iron portion of the 
stainless steel due to the chemical properties of iron. For 
example, a chemically adsorptive phenomenon is easily produced 
in basic matter because its hydroxyl group is attracted to iron 
on the surface of stainless steel. The sample component once 
adsorbed chemically cannot be removed easily, even if it is 
vigorously rinsed with organic-solvent-based detergent. Such 
a sample component adsorbed on the surface of the needle 7 and 
remaining after rinsing is partially mixed into the next sample 



to be analyzed. Thus, cross contamination is, though slightly 
in some cases, brought about. 

Such cross contamination caused by chemical adsorption 
-has heretofore been substantially overlooked. In recent years, 
5 however, with advances in analytic sensitization, it has become 
necessary to take effective measures against even slight cross 
contamination . 

O SUMMARY OF THE INVENTION 

tfi' 10 The present invention was developed in consideration of 

the drawbacks associated with the related art. It is an object 

W 

of the invention to provide an automatic sampler and a needle 
for the automatic sampler in which contamination, caused by 
3 chemical adsorption and still remaining after measures against 

nj 15 physical contamination are taken on the surface of the needle, 
is restrained so that the automatic sampler can perform highly 
sensitive analysis. 

In order to attain the foregoing object, an automatic 
sampler according to the present invention comprises a needle 
20 which is subject to a surface treatment for reducing chemical 
adsorption. More specifically, the needle of the present 
invention contains a base metal, and the surface of the needle 
is coated with a coating material which is lower in chemical 
activity than the chemical activity of the base metal of the 
25 needle. In one embodiment, the surface of the needle is plated 
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with a noble metal, such as gold or platinum. Alternatively, 
the surface of the needle may be coated with synthetic resin 
such as PEEK which is superior in chemical resistance . Further, 
a quartz thin film may be formed on the surface of the needle. 
5 Moreover, a non-noble metal may be plated or deposited on the 
surface of the needle. The automatic sampler of the present 
invention is preferably used for a liquid chromatography. It 
is possible to obtain apractically sufficient antif ouling effect, 
o even against contamination coming from chemical adsorption which 

"iJ 10 cannot be removed sufficiently by related-art measures against 

f^l physical contamination. Thus, it is possible to provide an 

w 

automatic sampler which can perform highly sensitive analysis. 

'U BRIEF DESCRIPTION OF THE DRAWINGS 

jS'i 15 Fig. lA is a diagram showing a needle according a first 

embodiment of the present invention; 

Fig. IB is a diagram showing a needle according to a second 
embodiment of the present invention; 

Figs. 2A and 2B are graphs of experimental data showing 
20 the result of analysis of a chlorhexidine hydrochloride solution 
and a blank sample in the case where a related-art needle made 
of stainless steel alone was used; 

Figs. 3A and 3B are graphs of experimental data showing 
the result of analysis of a chlorhexidine hydrochloride solution 
25 and a blank sample in the case where a needle coated with the 
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platinum-plated layer T according to the present invention was 
used; and 

Fig. 4 is a diagram showing an example of a main portion 
of a flow path of an automatic sampler for a liquid chromatograph. 

DETAILED DESCRIPTION OF THE INVENTION 
Figs . lA and IB show needles according to first and second 
embodiments of the invention, respectively. 

The needle 7 shown in Fig. lA is a flat-head needle with 
an outer diameter OD of 1.2 mm and an inner diameter ID of 0.5, 
and a flat end with an outer diameter EOD of 0 . 65 mm. Base metal 
B is a stainless steel, and the surface of the base metal B is 
coated with a platinum-plated layer T having a thickness of 
several micrometers ( /zm) . The surface of the needle is covered 
with the platinum-plated layer T which is much lower in adsorptive 
activity than stainless steel. Therefore, when the needle 7 
is used for the automatic sampler shown in Fig. 4, chemical 
adsorption on the surface of the needle 7 is restrained, which 
in turn reduces cross-contamination . 

In the needle 7' shown in Fig. IB, base metal B is coated 
with a synthetic resin coating P (about 300 jum thick) instead 
of the metal plating used in the first embodiment . The synthetic 
resin coating P in this second embodiment is made of PEEK 
(polyetheretherketone) which is a synthetic resin having high 
chemical resistance and mechanical strength. As the coating 



method for the synthetic resin, a powder coating method can be 
applied. When using the synthetic resin, the dimensions of the 
base metal B may have to be made somewhat small in advance 

consideration of the thickness of the synthetic resin coating 
5 P. 

In particular, PEEK is an organic material, and 
accordingly, hardly shows a chemical adsorptive property. In 
addition, PEEK shows superior resistance to various chemicals, 
O and is therefore also used as a material for piping in a liquid 

•£| 10 chromato graph. Thus, PEEK is preferably used for the needle 
.7' in the automatic sampler for the liquid chromatograph . 

Figs. 2Aand2BandFigs . 3Aand 3B are graphs of experimental 
data showing the cross contamination effect when the needle 7 
is left uncoated, and a reduction of the cross-contamination 
f|_| 15 effect when the needle is coated with a platinum-plated layer 
T. 

In these experiments, a sample was analyzed which included 
a solution of a strong basic chlorhexidine hydrochloride diluted 
with a liquid. The liquid used was the same as the mobile phase 
20 liquid used in the liquid chromatograph. An area A of a peak 
obtained by analyzing this sample was calculated. Subsequently, 
after rinsing the needle, only the mobile phase liquid (a blank 
sample) was analyzed so that an area B of a peak appearing for 
the same retention time was measured. The degree of cross 
25 contamination was expressed by a ratio C (%) of B to A. 
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Figs. 2A and 2B show the case where a related-art needle 
made of stainless steel alone was used. Fig. 2A shows the result 
of analysis of the chlorhexidine hydrochloride solution, and 
Fig. 2B shows the result of analysis of the blank sample carried 
5 out following the analysis in Fig. 2A. From respective area 
values, cross contamination C is calculated by: 
C=9340/3963744 6=0.024% 

Next, Figs. 3A and 3B show the results of analysis in the 
^ case where the needle 7 coated with the platinum-plated layer 

Tpi 10 T was used. Cross contamination C in this case is calculated 

y : 

by: 

S C=321/49126387=0. 00065% 

Q From these results, it can be understood that the degree 

fU of cross contamination is reduced to about 1/40 when the needle 

Q 15 7 is coated with the platiniim-plated layer T, and a remarkable 

fli 

improvement effect can therefore be obtained. 

The setting conditions of the liquid chroma tograph in these 
experiments was as follows. 

mobile phase: ICQ mM perchloric acid contianing 
20 phosphoric acid buffer (pH 2.6) : acetonitrile = 55:45 
flow rate: 0.2 mL/min 

column: VP-ODS (|)2mmxl50mm ((j) means a diameter) 

oven temperature: 4 0°C 
detector: UV 2 60 nm 
■ 25 sample: chlorhexidine hydrochloride (12 mg of which 
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is diluted with mobile phase of 10 mL) 
injection amount: 2 |j.L 

According to the present invention, the surface of the 
needle 7, 1' is covered with a coating material lower in chemical 
5 activity than the base metal B of the needle 1 , 1' . 

Of course, the coating material is not limited to the 
embodiments described herein. For example, when the base metal 
B is plated with a noble metal such as any other element of the 
^ platinum group or gold in place of platinum, it is possible to 

%?j 10 obtain an effect equal to or close to that in the case of platinum. 
In addition, when the base metal B is plated with a non-noble 
metal such as nickel or chromium which are lower in chemical 

p' activity than iron, a deserved improvement effect can be expected, 

fli 

ji; though it comes short of that in the case where the base metal 

f%\ 15 B is plated with noble metal. 

In addition, PFE (polyf luorethylene) , or PE 
(polyethylene) may be used in place of PEEK as the synthetic 
resin coating P. In this case, an effect corresponding to the 
properties of such a raw material can be expected. 
20 In the embodiments described above, only the outer surf ace 

of the needle 7, 7' is covered with a coating material, but the 
inner surface of the needle 7, 1' is not coated. Therefore, 
there may be concern that the inner surface of the needle would 
remain as a cause of cross contamination. However, the surface 
25 area of the inner surface is smaller than 20% of the total surface 
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area of the needle 1 , 1' , and hence, the influence of the inner 
surface is not very significant. In addition, the inner surface 
of the needle 7, 1' can be rinsed efficiently if the pressure 
and flow rate of the rinse are increased. Thus, the influence 
5 of the metal surface of the inner surface on cross-contamination 
is limited to an ignorable extent. 

Notwithstanding the small influence of the inner surface 
of the needle and the improved methods for rinsing, to further 
fe' reduce cross contamination, it is desired that the inner surface 

10 of the needle 7, 7' also be coated with an inactive material. 

With a chemical vapor deposition method (CVD) already 

m 

known as a method for coating the inner surface of a capillary, 
y" a metallic thin film can additionally be formed on the inner 

'J; surface of the needle 7, 7'. In addition, the inactive material 

n\ 15 is not limited to metal, but a thin film of high-purity quartz 
or other material may be formed. Coating an inner wall of a 
capillary with a quartz thin film is a method put into practical 
use for treating the inner surface of a column in a gas 
chromatograph . High-purity quartz is extremely low in 
20 adsorptive activity so that contamination can be reduced to the 
utmost extent by this treatment. 

The needle 7, 7' according to the present invention can 
be applied to any automatic sampler of such a type that liquid 
samples are sampled sequentially from a plurality of vials 8 
25 through the needle 7, 7' , including the automatic sampler shown 
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in Fig. 4. In addition, the needle 1, 1' maybe applied broadly 
to not only automatic samplers for liquid chromatographs, but 
also automatic samplers for various analyzers aimed at performing 
liquid analysis. Further, the needle may be applied whenever 
there is reason for disinfecting the needle for continued use 
rather than disposing of the needle. 

Incidentally, the numerical values of the dimensions shown 
in Figs. lA and IB are shown by way of example and as such, the 
invention is not limited to such values. In addition, the 
material of the base metal B of the needle 7, 7' is not limited 
to stainless steel. 

As described above in detail, the present invention pays 
attention to the fact that contamination still remains after 
a needle is rinsed or polished due to chemical adsorption. In 
order to solve the problem, the present invention uses a coating 
material low in chemically adsorptive activity which is applied 
to the surface of the needle. When the automatic sampler 
according to the present invention is combined with a liquid 
chromatograph, disturbance due to cross contamination is 
eliminated so that analysis can be made highly sensitive. 

While the presently preferred embodiments of the present 
invention have been shown and described, it is to be understood 
that the disclosures are for the purpose of illustration and 
that various changes and modifications may be made without 
departing from the scope of the invention as set forth in the 
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appended claims . 
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